Objective To determine the 9 month period eff ect of botulinum toxin A (BoNT-A) injection into the salivary gland in children with neurologic disorders and sialorrhea by qualifi ed parent/caregiver-administered questionnaires. Method A total of 17 patients (age 7.6±4.24 years) were enrolled in this study. The degree of sialorrhea was assessed at the baseline, 2 weeks, 1, 2, 4, 6 and 9 months after injection. Th e Drooling Count (DC) was assessed as an objective measurement. Th e Drooling Frequency and Severity Scale (DFS) and the Teacher Drooling Scale (TDS) were evaluated as a subjective measurement. BoNT-A (0.5 unit/kg) was injected into each submandibular and parotid gland under ultrasonography-guidance. Results DC, DFS and TDS showed signifi cant improvement at 2 weeks, 1, 2, 4, 6, and 9 months follow-up (p<0.05). Twelve of 17 cases (70.5%) showed more than 50% reduction in DC from the baseline value. Conclusion Ultrasonography-guided BoNT-A injection into the submandibular and parotid gland was a safe and eff ective method to treat sialorrhea in children with neurologic disorders.
INTRODUCTION
Sialorrhea is a common and severe problem in children and adults with cerebral palsy or neurologic disorders. Sialorrhea creates major hygienic and psychosocial problems. Sialorrhea can create major hygienic and psychological issues and families and children become subjected to extreme stress and social isolation. Due to sialorrhea, affected children may have skin maceration around the mouth, perioral dermatitis, or even dehydration. 1 Many methods have been used to treat sialorrhea, including oral motor therapy, intraoral devices, medication, and surgery. However, oral motor therapy and intraoral devices are not suitable for children with severe disability because the eff ects are short and require continuous therapy. Anticholinergic medications are often poorly tolerated due to a high prevalence of side eff ects including constipation, urinary retention, orthostatic hypotension, bradycardia, irritability and drowsiness.
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Surgery is an invasive procedure that is often unacceptable by parents and had some complications including increased dental caries, gingival problems, parotitis, and postoperative cysts and fistulae. 2 The secretion of saliva is under parasympathetic autonomic control with acetylcholine working as the specifi c neurotransmitter. Down regulation of acetylcholine would theoretically lead to a reduction in the production of saliva. BoNT-A has shown to exert an eff ect at the neuroglandular junction in animal study by causing reversible reduction in acetylcholine release from presynaptic nerve terminal. 3 Recently botulinum toxin A (BoNT-A) injections have been used to treat sialorrhea in adults with Parkinson's disease, head and neck cancer, stroke, and neurodegenerative disease. Several studies have reported that BoNT-A injections into the salivary gland are eff ective for sialorrhea in children with cerebral palsy or other neurological disease without any severe side eff ects.
1,4-6 Marked diff erences have been observed for the eff ective dose of BoNT-A and the injection site. Th ere is no consensus or guidelines about BoNT-A dosage or which salivary glands should be injected. The purpose of this study was to evaluate the effect of a BoNT-A injection into the salivary glands to treat sialorrhea in children with neurologic disorders during 9 months.
MATERIALS AND METHODS

Subjects
Children with cerebral palsy or other neurologic disorders were included in this study between January 2010 and November 2010, whose Drooling Frequency and Severity Scale scores were >4 and who were suffering from sialorrhea. Th e exclusion criteria were: (1) general contraindications for a BoNT-A injection such as myasthenia gravis and Lambert-Eaton syndrome (2) received a BoNT-A injection in the previous 3 months, (3) administered systemic drug therapies to treat sialorrhea in the previous 3 months, and (4) previous maxillofacial surgery that might interfere with salivary production or fl ow. Possible adverse eff ects and risks related to the interventions were explained to the parents or caregivers, and written informed consent was obtained. Seventeen patients (nine boys and eight girls) were included. Th e mean age of the patients was 7.6±4.24 years, and the diagnosis was cerebral palsy in 15, Down syndrome in 1, and mental retardation in 1. Th ree patients were fed via a nasogastric tube, the remaining 14 patients were fed orally. Children with cerebral palsy, lack independence even in basic postural control and all areas of motor function are limited (Gross Motor Function Classification System, GMFCS Level V). A child with Down syndrome would be unable to maintain head and trunk against gravity in a prone and sitting position. A child with mental retardation would be unable to walk without assistance. Participant characteristics are shown in Table 1 . Th is protocol was approved by the institutional review board.
Methods
Two ml of normal saline was used to dilute 100 units of BoNT-A (Botox ® , Allergan Inc., Mayo, Ireland). Each parotid and submandibular gland had injected with 0.5 units of BoNT-A/kg body weight. A 25-guage 3.8 cm needle was used to inject each site. One child, who had posterior drooling only during sleep, received bilateral submandibular glands injections. In total of 15-80 units of BoNT-A were injected into bilateral salivary glands.
Patients were placed in a supine position where the head could be rotated to each side. Th e parotid glands lie superfi cially but the submandibular gland is diffi cult to accurately locate by palpation. We injected BoNT-A into the salivary glands under ultrasonography-guidance without After receiving specific instructions, parents filled out a parent/caregiver-administered questionnaire. Parents were asked to rate their children's drooling before and after the injections using the Drooling Count, the Drooling Frequency and Severity Scale and the Teacher Drooling Scale 7 (Appendices 1, 2). The Drooling Count was measured in the morning at least 1 hour after a meal, while each child was awake and sitting upright. The absence or presence of new saliva on the lip was recorded for 10 minutes. Parents were asked to register all possible side eff ects in a diary. Outcome measurements were assessed before an injection, at 2 weeks, 1, 2, 4, 6, and 9 months after an injection. The Drooling Count, an objective method, served as the primary outcome measure and the Drooling Frequency and Severity Scale and the Teacher Drooling Scale, subjective methods, served as secondary outcome measures. Th e treatment response was rated as successful when there was more than 50% reduction in the Drooling Count than the baseline value. We defi ned more than 2-point decrease as successful in the Teacher Drooling Scale. Fig. 1 . Changes of the mean scores of drooling measurements for 9 months (n=6, one patient was excluded due to a percutaneous endoscopic gastrostomy).
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Statistical analysis
Statistical analysis was performed using SPSS software version 17.0 (SPSS ® , Chicago, USA). We conducted the Wilcoxon signed-ranks test to assess diff erences in paired observations. A p<0.05 was considered signifi cant. Effi cacy of the BoNT-A injection was rated when the treatment response was over 50% reduction in the Drooling Count and more than 2-point decrease in the Teacher Drooling Scale than the baseline values.
RESULTS
Th e Drooling Frequency and Severity Scale, the Teacher Drooling Scale and the Drooling Count were evaluated for 9 months following the BoNT-A injections. One of the 17 patients underwent a percutaneous endoscopic gastrostomy and could not be evaluated at 9 months. Th e Drooling Frequency and Severity Scale, the Teacher Drooling Scale and the Drooling Count showed a significant decrease at 2 weeks, 1, 2, 4, and 6 months after the BoNT-A injections (p<0.05) than the baseline values. At 9 months, 16 of 17 patients showed signifi cant improvements in all measurements (p<0.05) ( Table 2) .
Th e mean scores of all measurements in 16 patients, except the patient that had withdrawn from the study) are shown in Fig. 1 . Th e onset of therapeutic eff ect was within 2 weeks and showed marked improvement at the fi rst month. Th e Drooling Count decreased up until 4 months. The Drooling Frequency and Severity Scale decreased for up to 6 months. Th e Teacher Drooling Scale showed marked decline at 1 month after the BoNT-A injections. Th e therapeutic eff ects were maintained signifi cantly for 9 months in all measurements. No side eff ects were observed during the study.
Efficacy was observed in 12 of 17 cases (70.5%) when the treatment response was rated as over 50% reduction in the Drooling Count than the baseline value. When we defi ned more than a 2-point decrease as successful in the Teacher Drooling Scale, effi cacy was observed in 6 of 17 cases (35.2%).
DISCUSSION
Botulinum toxin injections into the salivary glands have been proposed for treating sialorrhea in patients with amyotrophic lateral sclerosis or other neurologic disorders since 1997. 8 BoNT-A, used as a spasticity treatment, weakens the muscles for 3-4 months. 9 As in the salivary gland, the effect of the BoNT-A injection was reported to last for 6 months. 6, 10 In our study, overall therapeutic effects were persisted significantly for up to 9 months (p<0.05). Salivary glands in healthy individuals secrete 1-1.5 L of saliva every 24 hours. Th e parotid and submandibular glands account for 90% of the secretion, the remaining 10% of secretion is produced by the sublingual and other minor glands. 11 The submandibular glands produce 65-70% of all saliva, and these glands continue to produce saliva when a person is not eating or drinking. Th e sublingual glands produce small amounts of thicker saliva that tends to coat the teeth. Th e parotid glands produce watery saliva, 20% of the total production, and the activity of this gland increases mainly during gustatory stimulation. 2 There were different selections of the injected gland; the parotid gland, the submandibular gland, and both glands in the previous studies. 1, [4] [5] [6] 10 The submandibular glands were chosen because this avoids reduced output of saliva while the patient eats and drinks. Since most children suffered from drooling with or without meals, we injected both glands. One child suff ered from only posterior drooling during sleep, was injected into bilateral submandibular glands. Ten-one hundred unit Botox ® or 20-300 unit Dysport ® (Speywood Pharmaceuticals Ltd., Maidenhead, UK) has been used to treat sialorrhea, but no conclusion has been reached regarding the ideal dose to obtain the best and longest therapeutic effect without side effects. 10 In one study, 100 units of Botox ® was injected into bilateral parotid and submandibular glands to reduce drooling in children with neurologic disorders and the effect lasted for 6 months. But, side eff ects were reported such as diffi culties in swallowing and speech, pulmonary infection, and seizure. 12 In other studies, 1 unit/kg of Botox ® was injected into each submandibular gland in children with cerebral palsy, and the eff ect lasted for 6 months. But side eff ects were reported such as dysphagia. 6, 13 Adverse side effects reported with the use of BoNT-A for sialorrhea were such as dysphagia, dry mouth, chewing diffi culties, and recurrent mandibular luxation. [14] [15] [16] Therefore, it is important to keep the doses low to avoid potential side eff ects due to spread of the toxin to surrounding tissues. A previously published study demonstrated no severe www.e-arm.org adverse eff ects with total 2 unit/kg of Botox ® for 12-week follow-up. 1 In that study, an injection of 0.7 unit/kg was given to each parotid gland and injection of 0.3 unit/ kg for each submandibular gland because the parotid glands are larger than the submandibular gland. We used a total 2 unit/kg of Botox ® and 0.5 unit/kg of Botox ® in each parotid and submandibular gland injection equally. The patients showed statistically significant improvements without any side eff ects throughout the follow-up period for up to 9 months. The parotid glands lie superficially and were injected blindly in the previous studies. 8, 11 Erroneous injections into the masseter muscle, Stensen's duct, facial nerve, or transverse facial artery can be avoided by using ultrasonography-guidance. The submandibular gland is diffi cult to locate accurately by palpation, because the gland is smaller than the parotid gland and situated on the inferiomedial aspect of the mandible. Thus, this gland should be injected under ultrasonography-guidance. 17 Ultrasonography-guided injections have a better effect compared with blind injections, because they allows more accurate delivery of BoNT-A into the gland. 16 We injected under ultrasonography-guidance without general anesthesia that could be helpful to apply easily at the outpatient clinic. Children with sialorrhea have been treated with BoNT-A injections to the salivary glands under general anesthesia. In our study, children were given an injection under ultrasonography-guidance without sedation in an outpatient clinic. There were no injection-related or drug-induced side eff ects, which may have been related to ultrasonography-guidance.
Th e response rate to BoNT-A was 70.5% in the Drooling Count. However, in the Teacher Drooling Scale as a subjective measurement, the success rate was 35.2%. One of the fi ve children, who was not included as successful in the Drooling Count had only posterior drooling and showed clinical improvement in posterior drooling after the BoNT-A injection. Th e child also showed more than a 2-point decrease on the Teacher Drooling Scale and decrease on the Drooling Frequency and Severity Scale. The child's subjective measurement decreased whereas another child's measurement had no decreases, even within the subjective measurement. The reason for the lower success rate of the Teacher Drooling Scale was that the effect of the BoNT-A injections may have been perceived subjectively by parents, depending on their hopes and expectations about the treatment. Further research is needed in order to consider the factors by which this result may occur.
Children with spastic cerebral palsy received anticonvulsant or antispastic medications that might have had an aff ect on drooling. Th ree patients had increasing doses of antispastic medication, which may have produced a dry mouth. Two of them showed no improvements in the Drooling Scales and the Drooling Count. However, the other showed a decrease in the Drooling Count, which may have been related to the antispastic medication. Additionally, the Drooling Count may be aff ected by many factors such as the time of day, posture, and activity. Th us, each child should be assessed at the same time, in the same posture, and while performing a similar activity, which would increase the accuracy of study. Except for these three children, the response rate to BoNT-A was 78.5% when the eff ectiveness of treatment was defi ned as a 50% reduction in the Drooling Count from the baseline value.
Future studies should be conducted without changing medication doses that might aff ect drooling, such as anticonvulsants or antispastic drugs. The limitation of this study was that we could not exclude the eff ect of between-subject variations due to various responses to the parent-administered questionnaire. Inter-rator reliability could be increased by educating parents or caregivers who scored the subjective measurements. Furthermore, controlled studies are needed to assess the most eff ective and safest injection sites and doses.
CONCLUSION
Th is study was conducted to determine the clinical effect of ultrasonography-guided BoNT-A injections into the salivary glands to treat sialorrhea in children with neurologic disorders during 9 months. 70.5% of the children showed a successful reduction in the Drooling Count.
The Therapeutic effects were maintained significantly for 9 months in all measurements and no side effects were observed during the study.
Ultrasonography-guided BoNT-A injections into bilateral parotid and submandibular glands is a safe and eff ective treatment for sialorrhea in children with neuro-www.e-arm.org logic disorders.
